Synchronised neural oscillations preceding speech generation are reduced in patients with schizophrenia, this deficit being implicated in symptom formation. We measured synchronisation of neural oscillations preceding vocalisation in the presence of delta-9 tetrahydrocannabinol (THC) and found they were significantly disrupted. Furthermore, the degree of disruption was related to THC-induced symptoms, suggesting THC may modulate a similar neural substrate to schizophrenia.
Self-generated actions are preceded by synchronised neural oscillations thought to be associated with preparation for movement.
1,2 These oscillations may be involved in forming an internal representation (efference copy) of the actions, allowing subsequent sensory inputs to be correctly identified as originating from the self. 2, 3 This process may be impaired in patients with schizophrenia, leading to a failure to generate a sense of agency, and giving rise to delusions and hallucinations. 3, 4 For example, patients with schizophrenia do not display the normal pattern of frontal neural oscillatory synchronisation (intertrial coherence; ITC) in the 150 ms preceding the onset of self-generated speech as measured by electroencephalography. 2 This disruption of ITC is related to auditory hallucinations. 2 Acute intravenous administration of delta-9 THC-the main psychoactive component of cannabis-may induce perceptual disturbances some of which resemble positive symptoms of schizophrenia. [5] [6] [7] Here, we test the hypothesis that intravenous THC administration disrupts ITC in the 150 ms before the onset of self-generated vocalisation, over the same region of frontal cortex previously studied in patients with schizophrenia (electroencephalography lead FCz) 2 and that the level of disruption is associated with the degree of THC-induced psychopathology.
Methods are fully described in Supplementary materials. We administered 1.25 mg THC or placebo to 16 healthy volunteers before a self-generated vocalisation task during electroencephalography acquisition. Volunteers completed a self-rated 24-item questionnaire on cannabis effects before and 30 minutes after the infusion (see Supplementary materials). THC led to a significant increase in selfrated measures of salience (t = 2.69, df = 15, P = 0.01), ipseity disturbance (t = 2.73, df = 15, P = 0.015), anxiety (t = 2.50, df = 15, P = 0.02), paranoid persecutory ideation (t = 2.97, df = 15, P = 0.01) and perceptual abnormalities (t = 4.16, df = 15, P = 0.0008). THC administration attenuated pre-speech ITC in the 150 ms before the onset of self-generated speech, primarily at 3.9 Hz, but also at 7.8 Hz (3.9 Hz: t = 4.78, df = 15, P = 0.0002; 7.8 Hz: t = 2.63, df = 15, P = 0.02, Figure 1 ). The ITC reduction was specific to speech generation, as there was no difference in ITC between THC and placebo conditions before the onset of the visual cue used in the task at frontal or occipital electrode sites. At 11.7 Hz, THC led to a modest increase in ITC (t = 2.29, df = 15, P = 0.04), and there was a trend for increase in ITC at 15.6 Hz (t = 1.96, df = 15, P = 0.07).
The degree of reduction in 3.9 Hz ITC 150-0 ms before onset of vocalisation was related to increasing self-rated measures of salience, simplifying to a single term-'my thoughts are more special or significant than usual' (F 1,14 = 4.69, P = 0.048). It was also related to increasing self-rated measures of ipseity disturbance, simplifying to a single term-'I believe my mind is being read' (F 1,14 = 7.871, P = 0.014). There was no relationship between ITC changes in any other frequency band with self-rated measures of cannabis effects.
These results provide the first evidence that THC disrupts ITC before the onset of self-generated vocalisation, and that the degree of disruption is related to THC-induced psychological effects. The findings show considerable overlap with previously reported data in patients with schizophrenia, 2 although the frequency changes reported here are in a lower frequency band. This may reflect the lower frequency resolution used in the schizophrenia study, where changes in theta-and alpha-range ITC would have contributed to the lowest resolvable frequency at 15.6 Hz. However, it is also possible the ITC prevocalisation changes in schizophrenia have a different frequency composition to those found under THC, pointing to a difference in efference processing dysfunction in the two conditions. Whether the effect of THC is the same or closely related to that found in schizophrenia, our findings indicate modulation of ITC by THC may be a useful biomarker for the development of novel antipsychotic drugs.
Low striatal dopamine receptor availability linked to caloric intake during abstinence from chronic methamphetamine abuse Methamphetamine (MA) abuse, a prevalent problem with considerable public health and criminal justice costs, 1 resembles other addictive disorders in its association with deficits in striatal dopamine receptor availability. 2, 3 This commonality is linked with the propensity to develop addictions via the Reward Deficiency Hypothesis. 4 Despite observations of low striatal dopamine receptor availability both in individuals with MA dependence 5 and those who have obesity, 3, 6 empirical measures of eating dysregulation and propensity to obesity among abstinent MAdependent individuals have not been reported. According to the Reward Deficiency Hypothesis, addicted individuals would seek out alternative rewards (for example, food) in the absence of their preferred pathological rewarding outlet (for example, MA abuse) to compensate for their deficient striatal dopamine signaling. To test the applicability of this hypothesis to MA dependence, we measured striatal dopamine D 2/3 receptor availability as well as caloric intake and weight gain in MA-dependent research participants during early abstinence from MA.
In all, 20 non-treatment-seeking MA-dependent research participants resided on a hospital inpatient research ward as previously described, 5 with approval from the UCLA Institutional Review Board. Aside from MA and nicotine dependence, the
